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[57] ABSTRACT 

A ventilator has automatic controls with a particular 
control sequence to progressively wean the patient 
from mechanical ventilation, but that detects and main- 
tains the patient's condition against the patient's inabil- 
ity to resume normal respiration. The ventilator non- 
invasively monitors body oxygen saturation level to 
insure adequate respiration, with minimum excess oxy- 
gen exposure, and monitors exhaled tidal carbon diox- 
ide levels to control mechanically assisted respiration 
rate. 

6 Claims, 1 Drawing Sheet 
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SELF-COMPENSATING PATIENT RESPIRATOR 

This is a continuation of application Ser. No. 
07/187,505 filed on Apr. 28, 1988. now abandoned. 5 

BACKGROUND OF THE INVENTION 

This invention relates to respirators, for the ventila- 
tion of persons whose normal respiratory function is 
impaired. 10 

Ventilators, or respirators, in medical practice are 
machines designed to assist a respiratorily impaired 
patient with breathing. Breathing is a complicated phys- 
iological process, but in simplified form, it is a means of 
delivering oxygen while simultaneously removing car- 15 
bon dioxide from the tissues of the body. 

This is accomplished by the interrelationship of the 
lungs and by blood circulation; oxygen being trans- 
ported primarily in bound form in hemoglobin within 
the blood, and carbon dioxide being primarily trans- 20 
ported in solution form in blood plasma. 

The most exact indication of proper ventilation is 
obtained through means of blood gas studies, which can 
accurately indicate the dissolved and transported oxy- 
gen and carbon dioxide within the patient's blood. Since 25 
both oxygen and carbon dioxide are ultimately trans- 
ported across tissue interfaces by diffusion, the partial 
pressures of the gasses in the solution are the most im- 
portant criteria, as these indicate whether adequate flow 
of oxygen and carbon dioxide is occurring. 30 

In a respiratorily impaired patient, a mechanical ven- 
tilator is used to augment the breathing process. With 
current ventilators and modem day medical practice, a 
number of variables are routinely controlled in order to 
achieve adequate ventilation of the patient. Primarily 35 
controlled variables include the percentage of oxygen 
in the gas delivered to the respiratory patient's lungs, 
the number of breaths per minute delivered to the pa- 
tient, and the tidal volume or total volume of air inter- 
changed in each delivered breath. 40 

Secondary variables which are important in specific 
patients include positive end expiratory pressure 
(PEEP), the time of inspiration and expiration with 
relation to the overall cycle of the breath and the peak 
flow rate of gas being delivered during a breath. These 45 
latter variables may be controlled by a physician as 
required to overcome certain disease or injury related 
processes or degradations of the lungs. 

When the patient is placed on a ventilator, positive 
gas passing to the lungs is provided either by an inserted 50 
endotracheal tube or, in some cases, by means of a tra- 
cheotomy. Depending upon the condition of the pa- 
tient, various of the above controlled variables are set, 
the most important being the percentage of oxygen 
within the respiratory gas to be delivered, the number 55 
of breaths per minute to be delivered, the volume of 
each breath, and the amount of pressure to be main- 
tained in the lungs after expiration (PEEP). After a 
patient is placed on a ventilator, there are two major 
goals in his treatment: the first is to decrease the per- 60 
centage of oxygen in delivered gas to an acceptable 
partial pressure, as high oxygen percentages over a long 
period of time are toxic to the lungs; the second is to 
allow the patient to breathe for himself as much as 
possible, decreasing the actual mechanical breathing 65 
performed by the ventilator. 

Various prior art sensors and control combinations 
have been suggested. Thus, Schuhz, U.S. Pat. No. 



814 

2 

4,326,513, suggests a control system within a respirator, 
using a sensor to directly measure the arterial partial 
pressure of oxygen which, in a closed loop through a 
mixer, mixes oxygen with other breathing gasses so as 
to minimize the oxygen concentration while maintain- 
ing a desired arterial oxygen partial pressure. This is 
limited, however, by the lack of a suitably accurate, 
medically approved, real time sensor for arterial partial 
pressure of oxygen. 

U.S. Pat. No. 3,734,091 to Taplin discloses the use of 
a device to detect super-saturation of oxygen in the 
body, together with a control device which produces a 
temporarily anoxic (oxygen deficient) status within the 
user to control the oxygen concentration in the breath- 
ing mixture. The device is described as being used to 
maintain close to one hundred percent saturation of 
oxygen within the body, but is unusable in a re- 
spiratorily inhibited patient as the deliberate induction 
of an anoxic state in such a patient is extremely hazard- 
ous. 

Separately, a number of patents have used CO2 analy- 
sis of exhaled gas to start and stop respirator action. 
U.S. Pat. No. 4,537,190 to Caillot discloses the use of a 
CO2 analysis cell within the exhaled air together with a 
control unit which turns the respirator on or off de- 
pending upon the level of exhaled CO2 detected. 

U.S. Pat. No. 4,617,924 discloses a particular CO2 
detection and controller of use in a high frequency 
ventilation system, disclosing an adaptation to permit 
final expiatory CO2 concentration to be more accu- 
rately determined when the exhaled gas may be inter- 
mingled with flush gas, to alleviate an inaccuracy other- 
wise inherent in high frequency ventilation systems, due 
to the dilution of the exhaled gasses by flush gas flow. 

U.S. Pat. No. 4,016,876 to Martin discloses a breath- 
ing apparatus for a healthy user, particularly a fire fight- 
er's breathing system, in which the amount of exhaled 
carbon dioxide is utilized to trigger replenishment 
within an air re-breathing apparatus. The device is suit- 
able solely for control of closed cycle respirators for use 
by otherwise healthy personnel. 

A similar, constant volume re-breathing system is 
shown, in U.S. Pat. No. 3,951,137 to Conkle, which 
utilizes detection of differential pressure, by measuring 
the inhalation and exhalation pressure induced by respi- 
ration of the user to trigger a following effect in the 
respirator-breathing apparatus. 

U.S. Pat. No. 4,612,928 to Tiep discloses a method of 
mimmizing utilization of oxygen within an oxygen re- 
breather by using a pulse detection circuit to detect 
breathing cycles in the individual and by supplying 
oxygen only during inhalation steps. 

Sensors for the monitoring of exhaled gasses are 
shown in U.S. Pat. No. 4,631,966 to Brugnoli and U.S. 
Pat. No. 4,602,653 to Ruiz-Vela. 

SUMMARY OF THE INVENTION 

A ventilator is shown, having automatic controls 
with a particular control sequence, providing a ventila- 
tor which progressively weans the patient from the 
necessity for mechanical ventilation, where this is possi- 
ble, but that detects and maintains the patient's condi- 
tion against an inability of the patient to resume normal 
respiration. 

The ventilator utilizes sensors of proven reliability, 
and has a control sequence which is adapted to the 
particular form of the sensor concerned to insure the 
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patient's safety, and to insure proper ventilator func- 
tioning. 

The ventilator of this design progressively controls 
two of the major ventilator functions; percentage of 
oxygen in the respirated gas, and the total amount of 
assisted ventilation (the number of breaths per minute). 
Other variables, such as tidal volume of gas respirated 
per breath, positive end expiratory pressure, and the 
like, need not be automatically varied for proper re- 
spiral ive function, but may be set based upon the pa- 
tient's physical condition and disease state at the begin- 
ning of ventilation. 

The patient's respiration status is non-invasively mon- 
itored to control the patient's blood oxygen level and to 
determine that adequate respiration is taking effect. 

No direct, non-invasive blood gas measurement tech- 
niques exist. This inventive ventilator therefore pro- 
vide* a particular control mechanism based upon the 
indirect monitoring of these psychological effects re- 
lated to critical variables. Blood oxygen is controlled by 
ascertaining, through the use of a prior art pulse oxime- 
ter, the degree of the total body oxygen saturation. A 
blood oximeter is a device, well developed and known, 
which utilizes a light probe which measures the pa- 
tient's pulse through a thin area of the skin, such as a 
finger or ear lobe, and in turn is able to adequately sense 
oxygen saturation within the patient. 

Oxygen saturation is not a linear function of blood 
oxygen partial pressure, but is related through a com- 
plex second order relationship which reflects essentially 
the sensitivity of blood transport of oxygen to the mini- 
mum blood partial pressure necessary to provide for 
binding of oxygen to blood hemoglobin. 

Blood carbon dioxide can likewise be estimated by 35 
monitoring the overall carbon dioxide level in the ex- 
haled breath of the patient, or the end tidal CO2; again, 
this is an indirect measurement of overall partial pres- 



The ventilator then is controlled progressively by an 
interrelated series of step decrease functions which act 
as follows. 

First, the inspired oxygen percentage is decreased by 
5 fixed step amount, typically ten percent. For a period of 
time, the patient's oxygen saturation is monitored to 
determine whether it has dropped below the minimum 
level set point, picked to insure adequate minimum 
blood partial pressure of oxygen, and therefore typi- 
10 cally at least ninety percent saturation. 

If the oxygen saturation of the patient has not 
dropped below the minimum acceptable level, then the 
ventilator breath rate will be decreased by a step 
amount and the exhaled CO2 level monitored. Again, 
15 there is a sensible time delay between this change and 
stabilization of the exhaled CO2 at the new level. Pro- 
vided that the exhaled CO2 level runs at or below the 
maximally acceptable CO2 levels set for the particular 
patient, reflecting the relationship between that pa- 
tient's exhaled CO2 and the initial blood gas level deter- 
mined for that patient upon start of ventilation, then the 
ventilation rate will be maintained at the new lower 
level and the process repeated. 

For most patients the process will progress until the 
oxygen level has been reduced to the minimum level 
and the ventilation assisted breath rale has been de- 
creased to zero, indicating that the patient is breathing 
on his own, in a normal manner. If, however, at any 
point during the process either the oxygen saturation 
rate decreases below the acceptable amount or the ex- 
haled CO2 increases above the maximally accepted 
amount, then the ventilator will step back to the previ- 
ous, higher rate and further decreases in that function 
will not occur. 

Use of the innovative ventilator permits a safe coordi- 
nated weaning of a patient from mechanical ventilation 
without recurrent invasive blood gas tests and without 
requiring medical intervention at each progressive re- 
setting of the ventilator while preserving at all times 



20 



25 



30 



sure of carbon dioxide in the blood, representing as it 

does, a measure of the transport of carbon dioxide 40 ctTectTve ventilat7on of the patient, 

across the lungs, due to differential partial pressure of The invention also avoids instability problems in the 

carbon dioxide between the blood and the lungs. prior art occasioned by failure to monitor both of the 

The inventive ventilator therefore utilizes the body crilicaI p ararne ters necessary for insuring adequate ven- 

O2 saturation level, as detected by a pulse oximeter, and tilation, or by attempting to maintain a continuous con 

the exhaled CQ 2 percentage as detected by an end tidal 45 tro i !eve ] whae ^fog sensors which are inherently inca 



CO2 monitor to control the ventilator for a given pa 
tient to automatically adjust the ventilator to deliver 
correct inspired oxygen and the correct number of 
breaths per minute, all the while progressively weaning 
the patient, to the extent possible, from the necessity for 50 
mechanical ventilation, by weaning the patient down to 
the lowest acceptable inspired oxygen level as well as to 
decrease the number of breaths mechanically delivered 
to the patient to the lowest extent tolerable to the pa- 
tient. 55 

In order to insure that the machine is properly set up 
for an individual patient, and to properly calibrate the 
machine to the patient, an initial blood gas is taken for a 
given patient to determine the existing oxygen and car- 



pable of directly measuring the essential parameter to be 
controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the invention in simpli- 
fied form interconnected to a patient. 

FIG. 2 is typical oxygen saturation curve showing 
the relationship between measured oxygen saturation 
and actual arterial partial pressure of oxygen. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shows, in block diagram form, the control 
system of the inventive ventilator herein described. A 



bon dioxide blood gas levels. Based upon this, an initial 60 mechanical ventilator 2 provides a physical ventilation 



setting of all relevant parameters for the ventilation will 
be made based on normal medical indicia. Additionally, 
the machine will be set to a specified minimally accept- 
able oxygen saturation and to a maximally acceptable 
carbon dioxide level. A minimum respiratory gas oxy- 
gen percentage will be set, typically at forty to fifty 
percent inspired oxygen, but in any case, below the 
level at which long term oxygen toxicity effects occur. 



of a patient 20 through use of a mechanical respiratory 
gas pumping means 6. Respiratory means 6, a relatively 
large displacement, low pressure air pump, pumps peri- 
odic volumes of respiratory gas 10 through a flow 
65 means or tubing 8 to the patient 20. The gas is forcibly 
inspirated into the patient, typically through an endotra- 
cheal tube 22 providing direct forced respiration into 
the lungs 26 of the patient. 
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The respiratory gas 10 is a mixture of oxygen and 
other inert gasses in a proportion controlled for the 
ventilator 2 by setting an interval variable mixing means 
12. which mixes controlled portions of oxygen 14 and 
other inert gasses 16 to proved the basic respiratory gas. 5 

The pumping means 6 provides for a breathing pres- 
sure into the lungs 26 of the patient and a second, end 
respiratory pressure permitting the patient to exhale 
through exhalation gas flow 18. 

The above mechanism is well understood in the art. 10 
In practice, such a ventilator 2 will have control means 
which will vary the pumping rate of the respiratory 
pumping means 6 so as to control typically the respira- 
tory or breathing rate in breaths per minute, the maxi- 
mum respiratory* pressure during the inspiration stage, 15 
as well as the positive end expiratory pressure (PEEP), 
the specific timing of inspiration and expiration, the 
total tidal volume, as well as the peak flow rate of the 
respiratory gas to be delivered, and the percentage of 
oxygen in the gas, which establishes the partial pressure 20 
of oxygen in the breathing mixture at the lung-body 
interface. 

When a patient 20 is placed upon a ventilator 2, gas 
flow is through endotracheal tube 22 placed in the pa- 
tient's trachea, reaching from outside his mouth and 25 
nose, or alternatively implanted through a tracheotomy. 

A blood gas test on the patient establishes the pa- 
tient's initial level of blood oxygen partial pressure as 
well as the patient's dissolved carbon dioxide level. 
Using readily available medical knowledge, the ventila- 30 
tor may then be initially set; the most important of set- 
tings will be the percentage of oxygen to be delivered in 
the respiratory gas (oxygen partial pressure); the num- 
ber of breaths per minute delivered by the ventilator: 
the volume of each breath delivered; and the amount of 35 
pressure to be maintained on the lurgs after expiration 
(PEEP). 

In general, a patient requiring respiration is in an 
oxygen depleted state, and initial ventilation is at a very 
high oxygen percentage. Long term oxygen exposure at 40 
partial pressures or percentages above fifty percent 
oxygen is toxic. Therefore, there are two major goals in 
management of a patient on a respirator. The first is to 
reduce the oxygen percentage, where possible, to below 
fifty percent in order to avoid toxicity effects to the 45 
lungs; the second is to reduce the mechanical breathing 
by the ventilator so that the patient will resume breath- 
ing on his own; in other words, the patient should be 
weaned from the ventilator. 

The control variables are therefore set for initial ven- 50 
tilation based on the patient's size, lung function, disease 
state and other variables known in the medical art. 
After the patient has been respirated for a period of 
time, a blood gas is taken; that is, a blood sample is 
drawn and standard laboratory tests are used to analyze 55 
oxygen and carbon dioxide partial pressure within the 
patient's blood. The oxygen partial pressure must be 
maintained at a minimum level in order to insure that 
adequate oxygen transport to the patient's tissues oc- 
curs; this is necessary to sustain life. It is, however, 60 
important that an excessive amount of oxygen not be 
delivered to the tissues in order to prevent toxic effects 
from oxygen poisoning. 

Carbon dioxide partial pressure must be maintained 
below a maximum level in order to avoid toxic effects 65 
from excessive carbon dioxide and additionally, as car- 
bon dioxide levels in the blood controls the patient's 
respiratory function, to prevent respiratory failure. The 



percentage of carbon dioxide in the blood is the most 
sensitive indicator of the overall respiration function in 
the patient. 

In the inventive ventilator, the patient is coupled to a 
provided pulse oximeter 30 which is placed upon a thin 
extremity, such as a finger tip or ear lobe of the patient, 
and which by means of light transmission, measures the 
overall body saturation of oxygen. Referring to FIG. 2, 
it should be seen that the percentage of oxygen satu- 
rated within the body is not a simple function of the 
blood oxygen partial pressure, but rather that the blood 
oxygen partial pressure rapidly increases above sixty 
torr for an oxygen saturation percentage of above 
ninety percent, but even more rapidly collapses at a 
point somewhat below sixty torr in terms of a decrease 
in body oxygen saturation. This sudden break in the 
curve if an effect of the hemoglobin transport mecha- 
nism, which retains oxygen at a relatively stable partial 
pressure until a relatively low saturation level is 
achieved at which point total oxygen partial pressure 
rapidly drops, and the patient becomes anoxic. 

It should thus be apparent that a simple closed loop 
control based on percentage oxygen saturation is not 
sufficiently precise to control the blood oxygen partial 
pressure, as excursions above a certain percentage satu- 
ration level produce rapid and uncontrolled increases in 
blood oxygen partial pressure, whereas decreases below 
the given saturation level can rapidly lead to hypoxia, 
causing serious irreversible damage to the patient. 

The physiological purpose of respiration is to provide 
adequate oxygen support to the tissues of the body, 
while effectively removing metabolic byproducts, espe- 
cially carbon dioxide, from the tissues. Maintenance of 
an oxygen partial pressure only satisfies the first part of 
this respiratory function; it is also necessary to insure 
that adequate ventilation or flow of gas across the lungs 
occurs so as to eliminate the carbon dioxide. Addition- 
ally, it is necessary to maintain the carbon dioxide 
within a relatively narrow range in order for the pa- 
tient's normal breathing synapses to properly function 
and for the patient to resume breathing where that is 
physiologically possible. 

In a respiratorily inhibited patient, it is possible to 
have a patient who will be incapable of mechanically 
resuming breathing, but whose lung function is other- 
wise unimpaired and where oxygen transport will occur 
at normal gas pressure; this is the typical picture pres- 
ented by a paralyzed patient with otherwise undamaged 
lungs. 

It is equally possible to have a patient whose respira- 
tory function is uninhibited but who, through disease 
process or lung damage, has a very low capability to 
transport oxygen successfully from the air to the blood. 
Thus, an automatic ventilator must control indepen- 
dently both the oxygen partial pressure and the overall 
respiratory flow function. 

The inventive ventilator 2 provides for such a control 
where the sensors are indirect sensors, not directly mea- 
suring the parameters to be controlled and where the 
patient may be weaned where possible through the 
function of the ventilator. 

In addition to the oximeter measuring a body oxygen 
saturation percentage, the ventilator is provided with an 
end tidal CO 2 sensor 40 located within the respiratory 
gas flow means 8 so as to sample CO2 from exhaled 
respiratory gasses during the expiration portion of the 
overall respiratory cycle as controlled by the ventilator. 
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Again, ihis provides an indirect measure of the over- breathing rate, representing the lowest assistance level 

all CO2 level within the lungs, but, for a specific patient achievable. 

having some specific given degree of lung function, In use, the ventilator 2 would have the normal set- 
once the relationship between blood gas CO2 partial tings of the prior art respirator, but in addition, would 
pressure and expired or end tidal CO2 percentage is 5 have control settings for minimum body oxygen satura- 
established. monitoring of the CO: level can be corre- tion and maximum end tidal CO2 level, and an addi- 
lated for that one point. tional setting for minimum percentage oxygen delivered 
Therefore, the innovative ventilator 2 is provided in the respirated gas, all as determined medically for a 
with control means 32 which concurrently perform two specific patient. 

tasks as follows: 10 Either the oxygen saturation can be first decreased, 
Oximeter 30 measures a signal proportional to body or the patient may first be weaned from the ventilator, 
oxygen saturation percentage. This signal is provided to b y reducing mechanical respiration. Control 32 there- 
Oxygen level comparison means within control means fore has a to initiate either 0 2 reduction or 
32, which compares the measured percentage to a pre- breath rale reduction first; control 32 does not initiate 
determined set point oxygen saturation percentage to 15 thc function until the first has reached its end 
determine if oxygen saturation is above said chosen state, so as to prevent a too radical decrease in respira- 
minimum point level, typically chosen at about ninety torv funct,on » the patient. 

percent. So long as said oxygen saturation level is main- In either casc > at the cnd state of the ***** function, 
tained or exceeded, a periodic mixer control means 34 lhe P at,enl 15 maintained in a steady state, with the mini- 
step decreases the proportion of oxygen 14 within the 20 mum mechanical respiratory assistance feasible, 
overall respiratory gas 6 by varying the setting of the , A ] a " « am P le > * a P*™* is initially placed in a one 
respiratory gas mixer 12. Since any particular change in hundre ? 1 ^ TQCni ,eve, « then the ventilator con- 
setting requires a sensible amount of time to take a phys- {T0 w] \ monuor < he °*P* n saturation through the 
iological effect, based on the overall rate of transport of , P u ulse oximeler re ?\ d,n * So Ion & a the P^e oximeter 
the revised oxygen mixture to the lungs through the 25 shows ™ acce P* bIc saturation, that is, a level 
blood stream to the tissues which are measured by the grea " that P rcsel « the ventilator control internally 
oximeter 30, the step decrease is followed by a delay WOuld dc f rease the amount of °*™ tn de,,vered f 
function which is timed by control means 34 to allow ™ mtervals : At 

the patient's condition to stabilize between each change. , n ETS COmpanSon 

~ . . . . - , ., 30 means determines that the oxygen saturation remains 

Oxygen percentage is in this manner decreased until a above the preset level, the ventilLr will again decrease 

minimum desired setting of regulatory gas mixer 12, the in ired oxygen by the set step amount This process 

which may be set based on general medical consider- wU] continue at the t interval for „ , ^ the 

at.ons is achieved or until level companson 32 indicates ient - s saturation remains above the level set 

that the overall body oxygen saturation percentage has 35 M minimallv acC eptable for the patient's condition, 

decreased below the minimum set level. The latter decreasing ultimate i y t0 the minimum established per- 

event indicates physiological lung damage or an inabil- centagCi typically forty t0 f|ft m ins ired 

ity of the lungs to properly transport oxygen; the previ- If duHng this riod of ^crease, the patient's 

ous step decrease is then reversed and the oxygen per- oxygen Mluratjon fon s below the pre-programmed 

centage is maintained continuously at the next higher 40 level, then the ventilator control program will return to 

minimum step. In the inventive ventilator here de- the previous higher percentage of oxygen at which an 

scnbed, this is accomplished without establishing an acceptable saturation level was achieved, 

anoxic condition in the patient, as shown below. Additionally, even if the patient has been weaned in 

Separately, mechanical respiratory assistance is re- terT ns of mechanical respiration assistance, continuing 

duced as follows. An end tidal C0 2 sensor 40 measures 45 monitoring of oxygen saturation level will permit in- 

a percentage CO2 in expired breathing gas which is crease Q f oxygen should a worsening of the patient's 

compared to a pre-set maximum CO2 percentage, de- discase state cause the patient's oxygen saturation to fall 

rived for the specific patient and representing a maxi- below the acceptable level. 

mum desired CO2 blood percentage. The process is superior to that of repeated blood gas 
Basically, failure of patient self-respiration will be 50 monitoring. Referring to FIG. 2, it can be seen that a 
indicated by a rise above acceptable levels of blood blood gas monitor which monitors oxygen partial pres- 
dissolved carbon dioxide; this in turn will result in an sure has a point of inscnsitivity at a critical region imme- 
increase in carbon dioxide within the exhaled gasses. diately below sixty torr oxygen partial pressure of the 
The end tidal C0 2 sensor therefore provides a signal typical patient where major changes in the patient's 
proportionate to the percentage of the CO2 in the ex- 55 oxygen saturation will occur with relatively little 
haled gasses which is provided to CO2 level comparison change in the blood gas partial pressure. At the lower 
means within control 32 where it is compared against a end of this insensitivity region a sudden and cata- 
set maximum COj level. So long as end tidal CO2 is strophic decrease in blood oxygen content occurs for 
below the maximal set point, CO2 rate control 44 is step relatively small oxygen changes. By contrast, the inven- 
decreased, decreasing the breath rate of respirator 2 in 60 tive ventilator 2, by monitoring the patient's body oxy- 
terms of breaths per minute. A time delay is interposed gen saturation level, can be set at an upper point of 
between each step for stabilization of the patient's respi- inflection in the curve shown in FIG. 2. This results in 
ratory function and redetermination of a stable, new considerably increased sensitivity due to the marked 
end tidal CO2. This process continues until the patient is decrease in oxygen saturation which occurs immedi- 
breathing totally without mechanical assistance, or until 65 ately prior to the critical decrease in blood gas level, 
expired and tidal CO2 exceeds the set point level. In the Since the blood gas partial pressure is the critical pa- 
latter case, the previous step rate decrease is reversed, rameter to be preserved, this closed loop monitoring 
and the patient is held at the next higher mechanical technique in this invention readily detects an impending 
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critical decrease in oxygen, yet preserves the patient 
from the deliberate induction of a anoxic state taught in 
the prior art. This monitoring and control, part of the 
invention, is therefore intrinsically much safer for a 
diseased or respiratorily inhibited patient. 5 

Subsequent to the above oxygen decrease, the end 
tidal CO: monitor provides continuous readings on 
expired CO2 levels which will be compared to a preset 
maximally acceptable CO2, individually programmed 
for a specific patient based on initial blood gas reading 10 
upon inception of ventilation. The size and volume of 
each breath would be set as in a traditional ventilator. It 
is part of the invention that the patient may be safely 
weaned by progressive, timed step decreases in the 
breath rate, based on the comparison on the end tidal 15 
CO2 reading to the maximally acceptable expired CO2 
level preset, without the necessity for further variation 
of flow rate or tidal volume. Thus, the ventilator is 
programmed to step decrease the number of breaths 
given per minute, pausing and monitoring to determine 20 
that the end tidal CO: does not exceed the maximum 
acceptable level pre-programmed. Typically, the step 
decrease would be on the order of two breaths per 
minute with a hold period between step decreases of 
thirty minutes to one hour. The decrease will continue 25 
until the patient is breathing completely on his own, and 
thus, the patient is able to eliminate CO2 completely on 
his own, as evidenced by the end tidal CO2 remaining 
below the maximum set point level. Alternately, the 
assistance rate will decrease to the point where the end 30 
tidal CO2 remains at a normal level and will stay at that 
level with no further decreases. 

As with the oxygen monitoring, the internal control 
continues to monitor end tidal CO2 so that if it subse- 
quently rises above the pre-set programmed maximum 35 
rate, the ventilator will automatically resume or in- 
crease the number of breaths until an acceptable rate is 
maintained. A setting will also be provided on the venti- 
lator permitting the physician to establish a minimum 
number of breaths per minute below which the machine 40 
will not wean. 

It is pan of the invention that the control relation- 
ships as stated above permit the use of indirect sensors 
related to body oxygen saturation rate and to expired 
end tidal CO2, both of which are significantly time 45 
delayed with respect to blood gas partial pressures, and 
yet provides adequate and accurate control of a ventila- 
tor for maintaining a patient's blood gas partial pres- 
sures at acceptable levels during artificial ventilation, 
while reducing artificially induced respiration to the 50 
maximum extent possible, consistent with a patients 
condition. 

It should thus be apparent that the invention is limited 
not to the specific examples above given but rather to 
the broader control methodology within a respirator as 55 
declared in the claims. 

I claim: 

1. A ventilator for respiration of a respiratorily inhib- 
ited patient comprising: 



814 

10 

a respirator; 

pulse oximeter means for determining the body oxy- 
gen saturation of a patient; 

oxygen comparison means comparing said body oxy- 
gen saturation to a predetermined body oxygen 
saturation level to determine whether 

said body oxygen saturation is greater than said pre- 
determined body oxygen saturation level or said 
body oxygen saturation is lesser than said predeter- 
mined body saturation level; 

means, coupled to said respirator, for periodically 
decreasing the percentage of oxygen in a respira- 
tory gas within said ventilator 

while said body oxygen saturation is greater than said 
predetermined body oxygen saturation level; 

means for sensing expired CO2 levels; 

CO2 comparison means for comparison of said ex- 
pired CO2 levels to a preset maximal level; 

CO2 control means for periodically decreasing a rate 
of breath actuation of said respirator to a level 
below which said expired CO2 levels exceed said 
preset maximal level; 

said CO2 control means acting sequentially but not 
concurrently with said oxygen control means to 
control said ventilator. 

2. A ventilator according to claim 1 wherein said first 
comparison means predetermined saturation level is at 
or above an upper point of inflection of an oxygen satu- 
ration/oxygen blood partial pressure curve. 

3. The ventilator of claim 1 wherein said first compar- 
ison means predetermined saturation level is above the 
level at which the patient exhibits an hypoxic condition. 

4. A ventilator for respiration of a respiratorily inhib- 
ited patient comprising: 

a respirator connected to a source of respiratory gas 
through an oxygen mixing regulator; 

non-invasive means for externally determining the 
body oxygen saturation of a patient; 

means for comparing said body oxygen saturation to 
a predetermined body oxygen saturation level; 

means coupled to said oxygen mixing regulator for 
periodically decreasing the percentage of oxygen 
in said respiratory gas supplied to said respirator 
while said externally determined body oxygen sat- 
uration is greater than said predetermined body 
oxygen saturation level; 

means for determining the expired carbon dioxide 
level of the patient; 

means for controlling the breath rate of said respira- 
tor within said ventilator in response to the expired 
carbon dioxide level of the patient. 

5. A ventilator according to claim 4 wherein said 
predetermined body oxygen saturation level is at or 
above an upper point of inflection of an oxygen satura- 
tion/oxygen blood partial pressure curve. 

6. The ventilator of claim 4 wherein said predeter- 
mined body oxygen saturation level is above the level at 

which the patient exhibits in hypoxic condition. 
• • ♦ » • 
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